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ABSTRACT
Abstract Distribution of dark matter (DM) inside galaxies is not uniform. Near the central regions,
its density is the highest. Then, it seems logical to suppose that, DM affects the physics of
stars of central regions more than other regions. Besides, current stellar evolutionary models
did not consider DM effects in their assumptions. To consider the DM effects, at first one must
estimate how much DM a star contains. The capture rate (CR) of DM particles by individual
stars was investigated before this study in the literature. In this work, we discuss how CR can
be affected when stars are members of binary star systems (BSS) instead of being an individual.
When a star is a member of a BSS, its speed changes periodically due to the elliptical motion
around its companion star. In this work, we investigated CR by BSSs in different binary star
system configurations. In the end, we discussed observational signatures that can be attributed
to the DM effect in binary systems.
1 Introduction
According to the standard model of cosmology (ΛCDM model), about 25 percent of the matter in the universe is
in the form of dark matter (DM).1 In addition, many other observational evidences support the existence of DM in
large scales and small scales structures (e.g. rotation curves of galaxies2 , simulations of galaxies3) in the universe.
Rotation curves of galaxies show that DM distributed non-uniformly4 inside galaxies. Then, we can say, stars evolve
inside galaxies while they are immersed in the DM. Therefore DM must affect the evolutionary course of stars inside
galaxies5–7 .
Signs of DM effects on stars were investigated before this study in the literature. For example:
• For the first time Steigman used DM supposition on the sun to solve the discrepancy between the observed
and calculated solar neutrino fluxes8 . Since then, many studies had conducted to solve the solar neutrino
problem using the supposition that DM particles annihilate inside the sun.
• Simulation of dwarf galaxies with the same mass shows that the halo of DM around evolved dwarf galaxies
can be heated-up by star formation process inside galaxies and then push the DM around9 . The more evolved
the dwarf galaxy is then, the more DM halo heated-up by stars.
• Stars that evolve near the Galactic massive blackhole show signs of young and old stars simultaneously, which
is known as the paradox of youth problem. Supposing that DM particles annihilate inside stars can solve this
problem10 .
• In addition to the normal stars, the effects of DM on compact stars (white dwarfs and neutron stars) were
also investigated. For instance, the annihilation of DM particles inside compact stars can flatter out their
temperature or it is possible to constrain DM properties using compact stars11–16 .
2
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According to the definition, capture rate (CR) of DM particles by around massive body (like Earth, Sun, neutron stars,
etc) is the number of DM particles that are gravitationally bound to that body by passing the time17 . For the first
time, Press and Spergel calculated CR of Weakly interacting massive particles (WIMP) by the sun18 . Then, Gould
generalized the CR relation for other round objects (like planets and stars)17 . Since then, many other studies used
Gould relation to calculate CR by massive round bodies19–30 . In this study, we used Gould relation to calculate CR by
stars (see section 2.1 for more details) .
Accumulation of DM particles inside massive bodies (wether they annihilate or they do not) can alter the structure
and evolutionary course of stars5–7 . Therefore, they can be responsible for some observational phenomenon like
gamma ray31 and neutrino emmission from stars32 . This effect is boosted for stars that are located in high DM density
environments e.g. near the Galactic massive black hole (as they can capture more WIMP in units of time) . Then, it
is important to estimate the CR value by massive bodies as much as possible. CR for different kind of round massive
bodies like the Moon28, 33 , planets (like Earth and exoplanets),25, 34–36 the Sun,23, 37, 38 other stars,6, 7, 39–43 compact
stars12, 13, 44, 45 are estimated in the litterature.
To the best of our knowledge, the effects of DM on compact binary systems were investigated in the literature46–49 .
But we could not find a similar topic for normal (non-compact) binary systems. So, in this study, we estimated the
CR by BSSs and then discussed the effects of binary parameters on CR. Section 2 devoted to the theories and models
that are used in this work. The formulas that are used in this study, was derived in this section too. In section 3, the
effects of binary system parameters on CR were investigated. Finally, section 4 devoted to conclusions and discussions.
Possible observational signs of DM effects in binary systems are discussed in this section too.
2 Theories and models
2.1 Dark matter capture by the stars
We used Gould relations to calculate CR by stars17 . The total CR by different elements inside stars can be calculated
using the Gould relation:
Cχ(t) =
∑
i
∫ R∗
0
4pir2
∫ ∞
0
fv∗(u)
u
ωΩ−v,i(ω)dudr. (1)
In sections 2.1.1 and 2.1.2 we calculated CR relation for hydrogen and heavier elements separetely. In equation 1 ,
Ω−v,i is the rate at which a WIMP with velocity ω scatters to a velocity less than v (escape velocity from the surface of
the star) and then gravitationaly bounds. For hydrogen atoms Ω−v,i is:
Ω−v,H(ω) =
σχ,HnH(r)
ω
(v2e −
µ2−,H
µH
u2)θ(v2e −
µ2−,H
µH
u2) (2)
where θ is the step function. For hevier elements Ω−v,i(ω) is :
Ω−v,i(ω) =
σχ,ini(r)
ω
2E0
mχ
µ2+,i
µi
{
exp(−mχu2
2E0
)− exp(−mχu
2
2E0
µi
µ2+,i
)exp(−mχv
2
e
2E0
µi
µ2−,i
(1− µi
µ2+,i
))
}
(3)
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in which E0 is the charasteristic coherence energy and can be calculated using (see reference
17 for more details) :
E0 =
3~2
2mn,i(0.91m
1/3
n,i + 0.3)
2
(4)
In equation 1 we have:
µ∓,i ≡ µi ∓ 1
2
(5)
and
µi ≡ mχ
mn,i
(6)
fv∗(u) is the velocity distribution function of DM particles at the location of the star. fv∗(u) usually considered a
Maxwell-Boltzmanian distribution7 with a dispertion velocity vχ :
fv,∗(u) = f0(u)exp(− 3v
2
∗
2v2χ
)
sinh(3uv∗/v
2
χ)
3uv∗/v
2
χ
(7)
in which f0(u) is the velocity dispersion of the DM particles in the halo and is:
f0(u) =
ρχ
mχ
4√
pi
(
3
2
)3/2
u2
v3χ
exp(− 3u
2
2v2χ
) (8)
σχ,i is the scattering cross section from an element i. For hydrogen atoms , σχ,i is:
σχ,H = σχ,SI + σχ,SD (9)
and for elements hevier than hydrogen it is :
σχ,i = σχ,SIA
2
i (
mχmn,i
mχ +mn,i
)2(
mχ +mp
mχmp
)2 (10)
In above equations σχ,SI is the spin-independent DM-nuceon scattering cross section, σχ,SD is the spin-dependent
DM-nuceon scattering cross section, mχ is the mass of the DM particles (WIMPs, in the case of this study), mn,i is
the nuclear mass of the element i, Ai is the atomic number of the element i, ni(r) is the number density of the element
i at a radius r from the center of the star, and R∗ is the radius of the star.
In the comming two sections, we will calculate CR relation for hydrogen and hevier elements seperately.
2.1.1 Capture rate by hydrogen atoms
After putting equations 2 , 7 , 8 and 9 into equation 1 and then some arrangements, we obtain the CR relation for
hydrogen atoms:
Cχ,H =
[
4
√
6pi
ρχ
mχ
1
vχv∗
exp(− 3v
2
∗
2v2χ
)
]
[σχ,SI + σχ,SD]
[∫ R∗
0
nH(r)r
2dr
]
[∫ ∞
0
exp(− 3u
2
2v2χ
)sinh(
3uv∗
v2χ
)(v2e −
µ2−,H
µH
u2)θ(v2e −
µ2−,H
µH
u2)du
]
(11)
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2.1.2 Capture rate by hevier elements
After putting equations 3 , 7 , 8 and 10 into equation 1 and then some arrangements, we obtain the CR reation for
hevier elemnts:
Cχ,H =
[
8
√
6pi
ρχ
m2χ
E0
vχv∗
µ2+,i
µi
exp(− 3v
2
∗
2v2χ
)
] [
σχ,SIA
2
i (
mχmn,i
mχ +mn,i
)2(
mχ +mp
mχmp
)2
][∫ R∗
0
nH(r)r
2dr
]
[∫ ∞
0
exp(− 3u
2
2v2χ
)sinh(
3uv∗
v2χ
)
{
exp(−mχu
2
2E0
)− exp(−mχu
2
2E0
µi
µ2+,i
)exp(−mχv
2
e
2E0
µi
µ2−,i
(1− µi
µ2+,i
))
}]
(12)
Though it seems impossible to evaluate equations 11 and 12 analytically, but it is possible to evaluate them using the
state of the art stellar evolutionary codes. In this study, we used version 12778 of MESA stellar evolutionary code
to calculate CR by stars. MESA is a free and open-source stellar evolutionary code that can simulate stars from very
low-mass ones to the very high-mass ones (≈ 10−3 − 103M⊙) . The full capabilities of MESA are documented in its
official instrument papers50–55 .
2.2 Dynamic of binary star systems
According to the equations 11 and 12 , CR by stars is a function of the speed of the stars v∗ . Then, we can say, CR
by each star within the BSS will change while stars orbit around each other in an elliptical motion. In this section, we
review the necessary equations that are needed to describe the motion of stars in BSSs.
If two stars with masses M1 and M2 orbit around each other in an elliptical motion with semi-major axis a and
ellipticity e, then the orbital period of the system can be evaluated56 :
P 2 =
4pi2a3
GM
(13)
whereM = M1 +M2. Speed of stars in periastron and apastron can be calculated using
56 :
Vp =
√
GM(1 + e)
a(1− e) (14)
and
Va =
√
GM(1− e)
a(1 + e)
(15)
3 Effect of binary star parameters on CR of DM particles
In this section, we investigated BSSs parameter effects on the CR of DM particles. In binary systems, the speed of
the stars is not constant as they usually follow elliptical motion rather than circular. This speed variation causes the
periodic changes in the CR by each star and also periodic changes in the total CR by the system. During the research,
we calculated CR by stars when they are in the zero-age main-sequence phase (ZAMS). Also, we supposed that binary
components have consisted of a combination of a low-mass star (1.0 M⊙), an intermediate-mass star (5.0 M⊙) and
5
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a high-mass star (50.0 M⊙). DM density around stars supposed to be 1000 Gev c
−2cm−3 and consisted of WIMPs
with masses 100 Gev c−2 .
3.1 Effect of stellar masses (resulsts and discussions )
Using MESA stellar evolutionary code, CR by binary systems with different stellar masses are calculated and then
summarized in table 1. In table 1, the eccentricity of all systems considered to be e = 0.9 and semi-major axes to be
a = 10AU . The overall resulst are:
• When stars are in apastron, they captures more DM particles in comparison to the time when they are in
periastron (for instance compare T1 and T4 or T2 and T3 in table 1). This is because, when stars aproches to
the apastron, their speed reduces and then, according to the equations 11 and 12, CR by stars increases.
• In our simulations, the most striking CR variatin occurs for systems that the total mass of the system (M1 +
M2) is the highest. In system (4) (in table 1) with the lowest total massM1+M2 = 2.0M⊙ the CR variation
is :
for 1.0M⊙ star :
T14 − T13
T13
∗ 100 ≃ 7.12 %. (16)
For system (3) with increased total massM1 +M2 = 6.0M⊙ , the CR variation increases to:
for1.0M⊙ star :
T12 − T9
T9
∗ 100 ≃ 22.96 % for 5.0M⊙ star : T10 − T11
T10
∗ 100 ≃ 23.08 %.
(17)
In system (5) with increased total massM1 +M2 = 10.0M⊙ , the CR variation increases to:
for 5.0M⊙ star :
T16 − T15
T15
∗ 100 ≃ 40.8 %. (18)
In system (1) with increased total massM1 +M2 = 51.0M⊙ , the CR variation increases to:
for 1.0M⊙ star :
T4 − T1
T1
∗ 100 ≃ 484.96% for 50.0M⊙ star : T2 − T3
T2
∗ 100 ≃ 465.53%.
(19)
In system (2) with increased total massM1 +M2 = 55.0M⊙ the CR variation increases to:
for 5.0M⊙ star :
T8 − T5
T5
∗ 100 ≃ 562.87% for 50.0M⊙ star : T6 − T7
T6
∗ 100 ≃ 548.12%.
(20)
And in system (6) with the highest total massM1 +M2 = 100.0M⊙ the CR variation is the highest:
for 50.0M⊙ star :
T18 − T17
T17
∗ 100 ≃ 2893.55%. (21)
This behaviour can be infered by subtraction of the equations 14 and 15 which leads to:
vp − va =
√
GM
a
[√
1 + e
1− e −
√
1− e
1 + e
]
. (22)
Then, one can say, the bigger the M is, then the bigger the speed subtraction vp − va is. Then ,according to
the equations 11 and 12 , the bigger the vp − va is, then the bigger the CR variation is.
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Table 1: CR in BSSs with unequall and equall (last 3 rows) stellar mass components.
M1
(M⊙)
M2
(M⊙)
v1,p
*
(m.sec−1)
v2,a
**
(m.sec−1)
CR by M1
***
(sec−1)
CR by M2
****
(sec−1)
CRM
*****
(sec−1)
system
number
1.0 50.0 293558 15450 T1 = 6.65× 1022 T2 = 4.66× 1027 T1+2 = 4.66× 1027 system
50.0 1.0 293558 15450 T3 = 8.24× 1026 T4 = 3.89× 1023 T3+4 = 8.24× 1026 (1)
5.0 50.0 304853 16045 T5 = 2.64× 1025 T6 = 4.66× 1027 T5+6 = 4.69× 1027 system
50.0 5.0 304853 16045 T7 = 7.19× 1026 T8 = 1.75× 1026 T7+8 = 8.94× 1026 (2)
1.0 5.0 100690 5299 T9 = 3.18× 1023 T10 = 1.76× 1026 T9+10 = 1.76× 1026 system
5.0 1.0 100690 5299 T11 = 1.43× 1026 T12 = 3.91× 1023 T11+12 = 1.43× 1026 (3)
1.0 1.0 58133 3060 T13 = 3.65× 1023 T14 = 3.91× 1023 T13+14 = 7.56× 1023 system (4)
5.0 5.0 129990 6842 T15 = 1.25× 1026 T16 = 1.76× 1026 T15+16 = 3.01× 1026 system (5)
50.0 50.0 411064 21635 T17 = 1.55× 1026 T18 = 4.64× 1027 T17+18 = 4.79× 1027 system (6)
* Speed ofM1 star when it is in periastron.
** Speed ofM2 star when it is in apastron.
*** CR byM1 star when it is in periastron and when it is in ZAMS phase.
**** CR byM2 star when it is in apastron and when it is in ZAMS phase.
***** Total CR : CRM = CRM1 + CRM2
3.2 Effect of semi-major axis (results and discussions)
In order to study the effect of semi-major axis on the CR by BSSs, we keep all parameters of the systems to be constant,
except the semi-major axis. The results of the simulations are presented in table 2 for binaries with equal component
masses and in table 3 for binaries with unequal component masses. In all system, the eccentricities of the systems
comsidered to be constant : e = 0.9 . The overall results that can be infered from the tables 2 and 3 are :
• CR by the 50M⊙ star in the system (15) in the table 2 is negative, i.e. T35 = −1.8638× 1013. This means,
the star losses DM particles instead of capturing them. The reason for bieng negative in this case is the very
high speed of the 50M⊙ star. Its speed at the periastron is v∗ = 1299897msec
−1 (this speed is not presented
in the table 2). While the escape velocity at the surface of the 50 M⊙ star when it is at ZAMS phase is
vescape = 273904m sec
−1 (we used MESA stellar evolutionary code to obtain the escape velocity of the
stars). As a result, we can say, in close binary systems, CR by stars can be negative.
• According to the results of our simulations that are presented in tables 2 and 3, by increasing the semi-major
axis, the total CR by the binary systems will increase. This result can be infered from analytical relations
too. According to the equations 14 and 15, by increasing the semi-major axis "a" the amounts of vp and va
will decrease. Then, according to equations 11 and 12, by decreasing stars velocities the CR by stars will
increase.
3.3 Effect of eccentricity (results and discussions)
In order to study the effect of eccentricity on the CR by BSSs, we keep all parameters of the binary systems to
be constant, except the eccentricity. The results of our simulations are presented in table 4 for binaries with equal
7
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Table 2: CR in BSSs with equall stellar-mass components and different semi-major axes configurations.
M1
(M⊙)
M2
(M⊙)
a *
(AU)
CRM1
**
(sec−1)
CRM2
***
(sec−1)
CRM
****
(sec−1)
system
number
1.0 1.0 1 T19 = 1.9534× 1023 T20 = 3.9055× 1023 T19+20 = 5.86× 1023 system (7)
10 T21 = 3.6504× 1023 T22 = 3.9122× 1023 T21+22 = 7.56× 1023 system (8)
100 T23 = 3.8859× 1023 T24 = 3.9129× 1023 T23+24 = 7.80× 1023 system (9)
1000 T25 = 3.9103× 1023 T26 = 3.9130× 1023 T25+26 = 7.82× 1023 system (10)
5.0 5.0 1 T27 = 5.5871× 1024 T28 = 1.7445× 1026 T27+28 = 1.80× 1026 system (11)
10 T29 = 1.2474× 1026 T30 = 1.7596× 1026 T29+30 = 3.01× 1026 system (12)
100 T31 = 1.7015× 1026 T32 = 1.7611× 1026 T31+32 = 3.46× 1026 system (13)
1000 T33 = 1.7552× 1026 T34 = 1.7613× 1026 T33+34 = 3.52× 1026 system (14)
50.0 50.0 1 T35 = −1.8638× 1013 T36 = 4.2655× 1027 T35+36 = 4.2655× 1026 system (15)
10 T37 = 4.6438× 1027 T38 = 1.5534× 1026 T37+38 = 4.6593× 1027 system (16)
100 T39 = 3.3338× 1027 T40 = 4.6834× 1027 T39+40 = 8.0172× 1027 system (17)
1000 T41 = 4.5307× 1027 T42 = 4.6874× 1027 T41+42 = 9.2181× 1027 system (18)
* Semi-major axis in astronomical unit (AU)
** CR byM1 star when it is in periastron and when it is in ZAMS phase.
*** CR byM2 star when it is in apastron and when it is in ZAMS phase.
**** Total CR : CRM = CRM1 + CRM2
component masses and in table 5 for binaries with unequal component masses. In all systems, the semi-major axes
considered to be constant : a = 10AU . The overall results that can be infered from the tables 4 and 5 are :
• According to the total CR amounts in table 4, in BSSs with equall stellar-mass components, by increasing
the eccentricity of a system, the total CR decreases. This result is not correct for binaries with unequal
stellar-mass components (e.g. see the total CR results in table 5).
• According to the CR amounts in tables 4 and 5, the most dramatic CR variations happens in the binaries with
the highest eccentricities. For instance, in table 4, for 1.0M⊙− 1.0M⊙ binary system, the CR variations for
different eccentricity configurations are (for systems (43)-(46)):
for system (43) : T92 − T91 = 0 (23)
for system (44) : T94 − T93 = 1.88× 1021 (24)
for system (45) : T96 − T95 = 5.32× 1021 (25)
for system (46) : T98 − T97 = 2.618× 1022. (26)
The similar trend happens to 5.0M⊙ − 5.0M⊙ and 50.0M⊙ − 50.0M⊙ binary systems. As an example,
for binaries with different stellar-mass components, consider the 1.0M⊙ − 50.0M⊙ binay systems in table
5 (systems (55)-(58)). CR variation in these systems are :
for system (55) : T116 − T115 = 4.2777× 1027 (27)
8
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Table 3: CR in BSSs with unequall stellar-mass components and different semi-major axes configurations.
M1
(M⊙)
M2
(M⊙)
a *
(AU)
CRM1
**
(sec−1)
CRM2
***
(sec−1)
CRM
****
(sec−1)
system
number
1.0 50.0 1 T43 = 7.8872× 1015 T44 = 4.4674× 1027 T43+44 = 4.4674× 1027 system (19)
10 T45 = 6.6544× 1022 T46 = 4.6653× 1027 T45+46 = 4.6654× 1027 system (20)
100 T47 = 3.2777× 1023 T48 = 4.6856× 1027 T47+48 = 4.6859× 1027 system (21)
1000 T49 = 3.8443× 1023 T50 = 4.6876× 1027 T49+50 = 4.6880× 1027 system (22)
50.0 1.0 1 T51 = 1.3027× 1020 T52 = 3.7256× 1023 T51+52 = 3.7269× 1023 system (23)
10 T53 = 8.2445× 1026 T54 = 3.8938× 1023 T53+54 = 8.2484× 1026 system (24)
100 T55 = 3.9398× 1027 T56 = 3.9111× 1023 T55+56 = 3.9402× 1027 system (25)
1000 T57 = 4.6071× 1027 T58 = 3.9128× 1023 T57+58 = 4.6075× 1027 system (26)
5.0 50.0 1 T59 = 8.7576× 1017 T60 = 4.4506× 1027 T59+60 = 4.4506× 1027 system (27)
10 T61 = 2.6406× 1025 T62 = 4.6636× 1027 T61+62 = 4.6900× 1027 system (28)
100 T63 = 1.4569× 1026 T64 = 4.6854× 1027 T63+64 = 4.8311× 1027 system (29)
1000 T65 = 1.7282× 1026 T66 = 4.6876× 1027 T65+66 = 4.8604× 1027 system (30)
50.0 5.0 1 T67 = 3.2578× 1019 T68 = 1.6711× 1026 T67+68 = 1.6711× 1026 system (31)
10 T69 = 7.1941× 1026 T70 = 1.7520× 1026 T69+70 = 8.9461× 1026 system (32)
100 T71 = 3.8865× 1027 T72 = 1.7603× 1026 T71+72 = 4.0625× 1027 system (33)
1000 T73 = 4.6008× 1027 T74 = 1.7612× 1026 T73+74 = 4.7769× 1027 system (34)
1.0 5.0 1 T75 = 4.8678× 1022 T76 = 1.7512× 1026 T75+76 = 1.7517× 1026 system (35)
10 T77 = 3.1768× 1023 T78 = 1.7603× 1026 T77+78 = 1.7635× 1026 system (36)
100 T79 = 3.8323× 1023 T80 = 1.7612× 1026 T79+80 = 1.7650× 1026 system (37)
1000 T81 = 3.9048× 1023 T82 = 1.7613× 1026 T81+82 = 1.7652× 1026 system (38)
5.0 1.0 1 T83 = 4.8678× 1022 T84 = 1.7512× 1026 T83+84 = 1.7517× 1026 system (39)
10 T85 = 3.1768× 1023 T86 = 1.7603× 1026 T85+86 = 1.7635× 1026 system (40)
100 T87 = 3.8323× 1023 T88 = 1.7612× 1026 T87+88 = 1.7650× 1026 system (41)
1000 T89 = 3.9048× 1023 T90 = 1.7613× 1026 T89+90 = 1.7652× 1026 system (42)
* Semi-major axis in astronomical unit (AU)
** CR byM1 star when it is in periastron and when it is in ZAMS phase.
*** CR byM2 star when it is in apastron and when it is in ZAMS phase.
**** Total CR : CRM = CRM1 + CRM2
9
Capture Rate of Weakly Interacting Massive Particles (WIMPs) In Binary Star Systems A PREPRINT
Table 4: CR in BSSs with equall stellar-mass components and different eccentricities.
M1
(M⊙)
M2
(M⊙) e
*
CRM1
**
(sec−1)
CRM2
***
(sec−1)
CRM
****
(sec−1)
system
number
1.0 1.0 0 (circle) T91 = 3.8987× 1023 T92 = 3.8987× 1023 T91+92 = 7.7974× 1023 system (43)
0.3 T93 = 3.8865× 1023 T94 = 3.9053× 1023 T93+94 = 7.7918× 1023 system (44)
0.6 T95 = 3.8562× 1023 T96 = 3.9094× 1023 T95+96 = 7.7656× 1023 system (45)
0.9 T97 = 3.6504× 1023 T98 = 3.9122× 1023 T97+98 = 7.5626× 1023 system (46)
5.0 5.0 0 (circle) T99 = 1.7296× 1026 T100 = 1.7296× 1026 T99+100 = 3.4592× 1026 system (47)
0.3 T101 = 1.7029× 1026 T102 = 1.7441× 1026 T101+102 = 3.4470× 1026 system (48)
0.6 T103 = 1.6379× 1026 T104 = 1.7533× 1026 T103+104 = 3.3912× 1026 system (49)
0.9 T105 = 1.2474× 1026 T106 = 1.7596× 1026 T105+106 = 3.0070× 1026 system (50)
50.0 50.0 0 (circle) T107 = 3.9180× 1027 T108 = 3.9180× 1027 T107+108 = 7.8360× 1027 system (51)
0.3 T109 = 3.3596× 1027 T110 = 4.2562× 1027 T109+110 = 7.6158× 1027 system (52)
0.6 T111 = 2.2874× 1027 T112 = 4.4822× 1027 T111+112 = 6.7696× 1027 system (53)
0.9 T113 = 1.5534× 1026 T114 = 4.6438× 1027 T113+114 = 4.7991× 1027 system (54)
* Eccentricity.
** CR byM1 star when it is in periastron and when it is in ZAMS phase.
*** CR byM2 star when it is in apastron and when it is in ZAMS phase.
**** Total CR : CRM = CRM1 + CRM2
for system (56) : T118 − T117 = 4.4622× 1027 (28)
for system (57) : T120 − T119 = 4.5815× 1027 (29)
for system (58) : T122 − T121 = 4.6646× 1027. (30)
The similar behaviour happens to other systems in table 5 too. As a result, CR variation boosted when stars
follow elliptical rather than circular orbits.
4 Discussion/Conclusion
CR of DM particles in BSSs is discussed. At first, we presented the necessary equations that are needed to calculate CR
by binary star systems in section 2. Equations 11 and 12 are the equations that we used in MESA stellar evolutionary
code to calculate CR. Equations 11 and 12 are functions of stars relative velocity (v∗) with respect to the DM halo
in the galaxy. Then, by changing stars velocity during the elliptical motion, the amount of CR by each star within
the binary system changes too. In section 3, effect of different BSS parameters on CR were investigated. The overall
results are:
• When stars are in apastron, they capture more DM particles in comparison to the time when they are in
periastron (see section 3.1 for more details).
• The more the total mass of the binary is (M = M1 +M2) then, the more the CR variation is (and not CR
alone) (see section 3.1 for more details).
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Table 5: CR in BSSs with unequall stellar-mass components and different eccentricities.
M1
(M⊙)
M2
(M⊙) e
*
CRM1
**
(sec−1)
CRM2
***
(sec−1)
CRM
****
(sec−1)
system
number
1.0 50.0 0 (circle) T115 = 3.5646× 1023 T116 = 4.2780× 1027 T115+116 = 4.2784× 1027 system (55)
0.3 T117 = 3.2908× 1023 T118 = 4.4625× 1027 T117+118 = 4.4628× 1027 system (56)
0.6 T119 = 2.6948× 1023 T120 = 4.5818× 1027 T119+120 = 4.5821× 1027 system (57)
0.9 T121 = 6.6544× 1022 T122 = 4.6653× 1027 T121+122 = 4.6654× 1027 system (58)
50.0 1.0 0 (circle) T123 = 4.2780× 1027 T124 = 3.5646× 1023 T123+124 = 4.2784× 1027 system (59)
0.3 T125 = 3.9553× 1027 T126 = 3.7214× 1023 T125+126 = 3.9557× 1027 system (60)
0.6 T127 = 3.2511× 1027 T128 = 3.8228× 1023 T127+128 = 3.2515× 1027 system (61)
0.9 T129 = 8.2445× 1026 T130 = 3.8938× 1023 T129+130 = 8.2484× 1026 system (62)
5.0 50.0 0 (circle) T131 = 1.5939× 1026 T132 = 4.2474× 1027 T131+132 = 4.4068× 1027 system (63)
0.3 T133 = 1.4631× 1026 T134 = 4.4453× 1027 T133+134 = 4.5916× 1027 system (64)
0.6 T135 = 1.1813× 1026 T136 = 4.5736× 1027 T135+136 = 4.6917× 1027 system (65)
0.9 T137 = 2.6406× 1025 T138 = 4.6636× 1027 T137+138 = 4.6900× 1027 system (66)
50.0 5.0 0 (circle) T139 = 4.2474× 1027 T140 = 1.5939× 1026 T139+140 = 4.4068× 1027 system (67)
0.3 T141 = 3.9029× 1027 T142 = 1.6691× 1026 T141+142 = 4.0698× 1027 system (68)
0.6 T143 = 3.1592× 1027 T144 = 1.7178× 1026 T143+144 = 3.3310× 1027 system (69)
0.9 T145 = 7.1941× 1026 T146 = 1.7520× 1026 T145+146 = 8.9461× 1026 system (70)
1.0 5.0 0 (circle) T147 = 3.8703× 1023 T148 = 1.7422× 1026 T147+148 = 1.7461× 1026 system (71)
0.3 T149 = 3.8341× 1023 T150 = 1.7510× 1026 T149+150 = 1.7548× 1026 system (72)
0.6 T151 = 3.7450× 1023 T152 = 1.7565× 1026 T151+152 = 1.7602× 1026 system (73)
0.9 T153 = 3.1768× 1023 T154 = 1.7603× 1026 T153+154 = 1.7635× 1026 system (74)
5.0 1.0 0 (circle) T155 = 1.7422× 1026 T156 = 3.8703× 1023 T155+156 = 1.7461× 1026 system (75)
0.3 T157 = 1.7260× 1026 T158 = 3.8899× 1023 T157+158 = 1.7299× 1026 system (76)
0.6 T159 = 1.6862× 1026 T160 = 3.9023× 1023 T159+160 = 1.6901× 1026 system (77)
0.9 T161 = 1.4320× 1026 T162 = 3.9107× 1023 T161+162 = 1.4359× 1026 system (78)
* Eccentricity.
** CR byM1 star when it is in periastron and when it is in ZAMS phase.
*** CR byM2 star when it is in apastron and when it is in ZAMS phase.
**** Total CR : CRM = CRM1 + CRM2
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• CR can be negative in some configurations. It means stars lose DM instead of capturing them. This happens
in stars that their relative velocity (with respect to the DM halo) is higher than their escape velocity from the
surface: v∗ > vesca (see section 3.2 for more details).
• By increasing semi-major axis, the total CR increases too (see section 3.2 for more details).
• The more the eccentricity of the systems is then, the more the CR variation is (see section 3.3 for more details).
So, CR variation boosted when stars follow elliptical rather than circular orbits.
If DM particles annihilate inside stars then, they can act as a new source of energy inside stars. This can cause periodic
luminosity variations in binary systems. In addition, CR variation can be translated into the neutrino flux variation,
as stars (like the sun57–61) are the source of neutrino emissions. These observational considerations are of particular
importance for binaries that are located in the high DM density environments (e.g. near the Galactic massive black
hole or regions near the center of global clusters).
Besides, observational evidence can be used to constrain the DM properties using the BSSs, which can be the subject
of future studies in this respect.
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